In this study, the Delphi method was used to develop evidence-based indicators of intensive care unit (ICU) nursing quality of care in China. Nursing quality indicators reflect elements of patient care that are directly affected by nursing practice. A comprehensive literature search identified 2,857 potentially relevant articles. From the 50 articles that were included in this study, researchers identified 38 commonly used nursing quality indicators. A panel of experts reduced these to 20, which were then subjected to two rounds of Delphi discussion by a different panel, and a final consensus was achieved. The 20 indicators were grouped into three dimensions: structure, process, and outcome (including adverse consequences). The agreement among the experts for the 20 indicators was high. These evidence-based nursing quality indicators provide for ease in data collection and a basis for clinical application and improvement in the quality of ICU nursing throughout China.
communication process in which a panel of experts answers questionnaires about a subject, a facilitator summarizes the results, and the panel again reviews the questions for as many rounds as it takes to reach a consensus (Hsu & Sandford, 2007) . The technique has been used to assess quality indicators in a variety of medical settings, including emergency care in Denmark (Madsen et al., 2016) , the neonatal intensive care unit (ICU) in the United States (Profit et al., 2011) , dementia care in Canada (Kroger et al., 2007) , management of postpartum hemorrhage in the Netherlands (Smit, Sindram, Woiski, Middeldorp, & van Roosmalen, 2013) , and the ICU in the United States (Barr et al., 2013; Berenholtz, Dorman, Ngo, & Pronovost, 2002) , Europe (Rhodes et al., 2012) , and China (Guo & Zhou, 2011) . Guo and Zhou (2011) attempted to develop a method of assessing the quality of ICU nursing care in China. However, their study did not clearly present analysis details such as the analysis of panel member's agreement with indicator domains. In addition, they did not clearly define the indicators or the reasons for retaining or deleting certain indicators after Delphi rounds, and did not examine the feasibility of data collection. Thus, the aim of this study was to utilize the Delphi method to develop reliable indicators for the quality of ICU nursing care across China.
| METHODS

This study was approved by Institutional Review Board of The First
Affiliated Hospital of Zhejiang University, and all participants provided written informed consent prior to participation in the study.
| Literature review
The review process was conducted between November 2013 and January 2015. Databases including PubMed, Cochrane, EMbase, Ovid, EBSCO, CINAHL, Medline, ElsevieScience Direct, CBM, CNKI, VIP, and WANFANG, and the National Guideline Clearinghouse (NGC) were searched using keywords "ICU," "intensive care unit," "critical care units," "quality measures," "quality management," "quality indicators,"
and "quality index." This process was completed by two trained researchers working independently, and any disagreement was settled by arbitration by a third researcher. The Johns Hopkins Nursing Evidence-based Practice Rating Scale (Newhouse, Dearholt, Poe, Pugh, & White, 2005) was used to assess the quality of the retrieved literature. Articles were classified by characteristics into five levels and three grades.
The literature search process yielded a total of 2,857 articles. Of these, 2,690 were excluded after review of the title and abstract because they were not relevant to the current study. The full texts of the remaining articles were reviewed, and of these 117 were excluded because they were not relevant to the current study. Ultimately, 50 articles related to the topic of the current study were presented to the expert panel for review. Review of the 50 articles identified 38 commonly used ICU nursing quality indicators. Of the 50 articles, 45
were level of evidence III and 5 were IV, with 45 graded A and 5 graded B. The level of evidence of the 50 articles, first author, date of publication, and country of origin are provided in Supplemental   Table S1 .
| Establishment of an expert panel for discussion
An expert panel consisting of 11 ICU nurse managers and nurse specialists from seven hospitals in Zhejiang Province was assembled.
Among these, three had Master's degrees and eight had Bachelor's degrees; five were head nurses, five were associate head nurses, and one was a charge nurse. Among the head nurses and associate head nurses, three were master tutors and one was a nurse specialist. The 
| The Delphi team
The Delphi team was composed of 44 ICU experts who were selected from 11 third-grade class A or B general hospitals in eight regions of Zhejiang Province. The inclusion criteria were that the members should be ICU nurse managers or nurse specialists, or ICU physicians with more than 5 years of ICU practice. Physicians were included because they work closely with nurses, and could provide a multi-dimensional assessment of nursing quality. The rank of a nurse manager was equal to or higher than associate head nurse, that of a nurse specialist was equal to or higher than a charge nurse, and that of a physician was equal to or higher than attending physician. The Delphi team members also agreed to complete the two Delphi rounds of inquiry. The round 1 Delphi team consisted of 34 nurses and 10 physicians, and round 2 consisted of 31 nurses and 9 physicians.
| Data collection
The two-round Delphi inquiry was performed by sending and receiving the inquiry sheet via e-mail. The questionnaire had three parts: a description of the questionnaire, main text, and general information about the respondents. In the first part, the purpose and background of the study were described. The second part included the meaning of the indicators, the importance of the items, the rationale for the formula, and the way data would be collected. Each item was scored by the experts according to a five-point Likert scale (from "very important" to "unimportant"), and a blank was left after each item for the expert to write down any comments. The third part included the length of time worked in the ICU, educational background and professional title, the basis for identification and the degree of familiarity with the indicators.
After collecting the opinions from the first round of inquiry, the expert 
| Statistical analysis
The degree of authority (Cr) was determined by two factors: (Ca) the educational level of the expert and the basis for judgment (experience, theoretical analysis, reference to data at home and abroad, and intuitive feelings), and (Cs) the degree of the expert's familiarity with the questions such that: Cr = (Ca + Cs)/2. Studies have shown that the consultation rate is reliable when the expert authority coefficient Cr is equal to or more than 0.70 (Guan, Li, & Liu, 2001) , and the greater the Cr value, the higher the degree of authority. The second part of the questionnaire required each expert to perform a self-assessment according to his/her judgment basis of the questionnaire content (theoretical basis, practical experience, domestic and foreign information, intuition) and degree of familiarity (very familiar, quite familiar, moderately familiar, not too familiar, unfamiliar). Ca, Cs, and Cr were then calculated based on the experts' self-assessment. A more detailed explanation of Cr, Ca, and Cs is provided in Supplemental Material:
Principles in the selection of experts.
| RESULTS
The results of the expert panel screening and the two Delphi rounds are presented in Table 1 . As a result of the first expert panel discussion, the initial 38 ICU quality indicators were screened and 21 were discarded. The wording of some indicators was amended during the discussion (e.g., "unplanned extubation rate in ICU" was changed to "unplanned artificial-airway extubation rate ICU"). Three new indicators were added: rate of carrying out early mobilization, incidence of incontinence-associated dermatitis, and incidence of outgoing trans- overview of the final 20 indicators is presented in Table 2 , and the formulas for calculation of the indicators are summarized in Table 3 .
| DISCUSSION
The present study used the Delphi method to establish 20 indicators to assess the quality of ICU nursing care in China. The indicators take into consideration relevant country-specific practices. The 20 quality indicators were grouped into three dimensions: structure, process, and outcomes, including adverse consequences, which is consistent with the reports of prior studies conducted in other countries (Berenholtz et al., 2002; Rhodes et al., 2012) . The ability to group the indicators into these three dimensions indicates that the criteria developed on the basis of unique characteristics of medical care in China are consistent with international classifications.
Our results are similar to those of Chrusch and Martin (2016) , who sought to develop and implement quality indicators for comparing ICU characteristics and performance within and between ICUs and regions over time. Six domains of ICU function were identified: safe, timely, efficient, effective, patient/family satisfaction, and staff work life.
Detailed operational definitions were then developed for 22 quality indicators.
On the other hand, our study differed from that conducted by Guo and Zhou (2011). Guo and Zhou built an indicator system (Lima & Barbosa, 2015) , which was formed with specific functions formed by a number of inter-related things. All indicators related to the quality of nursing care were selected and scored using the Delphi technique according to the experience of the experts, including 3 class-one indicators, 22 second-class indicators, and 77 third-class indicators.
However, no clear definition was given for the numerator and denominator of these indicators, and thereby their values could not be calculated objectively or used objectively or on a timely basis to evaluate the quality of nursing care. In the present study, we built indicators that were sensitive to nursing care and selected 20
indicators reflecting the characteristics of the ICU. Each indicator was clearly defined and had a clear reason for selection. Moreover, clear formulas were provided for inclusion criteria and methods of data collection. Thus, the indicators developed in the present study can be used to quantify nursing care quality and carry out horizontal comparisons to improve the quality of nursing care.
In the present study, as a result of the first expert panel discussion, the initial 38 ICU quality indicators were screened and 21 were discarded (as listed in Table 1 ). The indicators were deleted because of their low incidence in clinical practice, less control by nursing staff, or overlap with other indicators. For example, the "rate of finishing the target lists every day" overlapped other indicators such as the "catheter-related bloodstream infection rate" and the "ventilatorassociated incidence of pneumonia."
The wording of some indicators was amended as well. For example, "unplanned extubation rate in ICU" was changed to "unplanned artificial-airway extubation rate ICU" during 1st round discussion. Three new indicators were added: rate of carrying out early mobilization, incidence of incontinence-associated dermatitis, and incidence of outgoing transport-related accidents involving ICU patients. The latter two are high in China so they were added despite being less common elsewhere.
"Transport-related accidents" was one of the added indicators. It refers to adverse events that occur during patient transfer and rates as high as 70% have been reported previously (Parmentier-Decrucq et al., 2013) . During a transfer, patients who require critical care are at high risk of adverse events such as cardiopulmonary arrest (Berube et al., 2013; Wang & Liu, 2015) . One study showed that using a checklist approach reduced the adverse event rate associated with patient transfers by 20% (Berube et al., 2013) . After reviewing the details of patient transfers, based on the experts' opinions, we confirmed that the "ICU patient out-transfer accident incidence rate" can serve as a sensitive indicator of ICU nursing quality.
The expert panel made several modifications after they analyzed first-round results. Three indicators, the incidence of falling out of bed, the rate of early mobilization and the incidence of medication errors were deleted. In China, ICU beds have side-rails that are usually up and the patients are quite infirm so that the number of falls from bed is small. Early mobilization is not standard practice, and the large number of medications makes some errors inevitable. The rate of evaluation for sedation, analgesia and delirium was divided into three separate indicators.
The term "nurse-to-patient ratio" was changed to "nurse-to-bed ratio." Unlike in other nursing units, patients are admitted to the ICU at various points in time, and the number of patients admitted and the severity of diseases are difficult to assess. In current clinical practice, head nurses are beginning to use flexible scheduling and will call nurses at home to help deal immediately with a sudden increase in the workload. However, because the current information system is not perfect, we had difficulties in collecting the nurse-to-patient ratio at each time point, and therefore it cannot reflect the nursing sensitivity.
However, we compensated by using "nurse-to-bed ratio" as a structural index of nursing quality, which allows the hospital manager to deploy an appropriate number of nursing staff based on the disease severity of ICU patients and the associated nursing workload, to meet the requirements of patient care. In China, according to the guideline for Evaluation of Good Nursing Care, when the rate of occupancy is greater than 85%, the nurse-to-bed ratio should be 1:2.5-3 for critical care departments such as ICU. All of the experts agreed to use "nurseto-bed ratio" as an indicator of ICU nursing quality. In the future, as information systems become more advanced, we may start using the "nurse-to-patient ratio" as a sensitive indicator of ICU nursing quality.
The rate of placing patients receiving mechanical ventilation in a Clinical data (chart review)
Ratio of evaluation for sedation
1.
Inappropriate sedation (excessive sedation or analgesia) and untreated delirium may prolong the duration of mechanical ventilation and the length of hospital stay, and increase morbidity, mortality and use of resources.
2.
The Clinical Practice Guidelines recommend monitoring the use of sedative pain and delirium effective scales to prove the treatment are effective.
Clinical data (chart review) ↑ 7 Ratio of evaluation for pain 8 Ratio of evaluation for delirium 9 Ratio of patients who had a serious infection or septic shock and were treated with broad spectrum antibiotics within 1 h after definite diagnosis Early and appropriate antibiotic therapy can improve the prognosis of patients with severe infection/sepsis. The use of antibiotics within 1 hr after being diagnosed with infection/sepsis is recommended (C-level recommendation).
Clinical data (chart review)
↑ 10 Rate of reaching the standard in enteral nutrition bundle care safety management Guidelines of the American Society for Parenteral and Enteral Nutrition (ASPEN) for critically ill adult and pediatric patients point out that patients with better enteral nutrition have better prognoses.
Compared to parenteral nutrition, enteral nutrition results in significantly lower mortality, infection rate, and length of hospital stay. Though management of EN is simpler than that of PN, adverse events occurring at the time of formulating, operating and monitoring the tube feeding diet, can still cause serious injury and even death These adverse events include enteral nutrition administration into a wrong tube (tube misconnection), tube dislocation and displacement, metabolic disorders, tube-related complications, aspiration, bowel intolerance caused by contaminated disposition, and reaction between the drug and nutrition fluid.
Clinical data (chart review)
Ratio of implementation of hand hygiene The hand is an important route for transmission of hospital infections. Improving compliance with hand hygiene and washing hands before and after contact with patients can reduce more than 50% of nosocomial infections and decrease consumption of resources. Compliance can be measured by monitoring the consumption of hand sanitizer. Interpretation of numerator and denominator (standards of inclusion and exclusion criteria)
Registration form of hospital infection
1 Nurse-to-bed ratio (Number of ICU nurses registered during the period of research ÷ ICU beds at the same period) ×100
Numerator: Number of ICU nurses registered during the period of research Denominator: ICU beds at the same period ICU nurses are those who had resisted in the hospital being studied.
2 Percentage of nurses who had worked in the ICU for more than 3 years (Number of nurses who had worked in the ICU for more than 3 years ÷ Number of registered ICU nurses at the same period) ×100
Numerator refers to registered nurses who had worked in the ICU for more than 3 years.
3 Ratio of ICU staff who had completed advanced cardiac life support training (Number of ICU staff who had completed the advanced cardiac life support training ÷ Number of registered ICU nurses at the same period) × 100
Numerator: Number of ICU staff who had completed the advanced cardiac life support training in special training centers Denominator: Number of registered ICU nurses at the same period Advanced cardiac life support refers to management of cardiac arrest, airway management, ECG reading, rescue medication, etc.
4
Ratio of reaching the standard in the management of the blood glucose level (Total number of time with blood glucose level reaching 8-10 mmol/L ÷ Total number of blood glucose measurements performed for critically ill patients) × 100
Numerator: Number of cases with blood glucose level of 8-10 mmol/L Denominator: Total number of blood glucose measurements performed for critically ill patients Denominator refers to critically ill patients. Critically ill patients indicate those who had dysfunction or failure of one or more vital organs. These patients are considered to be high-risk patients with hypoglycemia, including those with diabetes mellitus (DM), septic shock, renal insufficiency, and especially patients undergoing continuous renal replacement therapy, using mechanical ventilation and inotropic agents, or intensive insulin therapy.
5 Implement rate of placing ICU patients in a semirecumbent position (30 9 Ratio of patients who had a serious infection or septic shock and were treated with broad spectrum antibiotics within 1 hr after definite diagnosis (Number of patients who had a serious infection or septic shock and were treated with broad spectrum antibiotics within 1 hr after definite diagnosis ÷ Number of patients who had a serious infection or septic shock) × 100%
Numerator: Number of patients who had serious infection or septic shock and were treated by broad spectrum antibiotics within 1 hr after definite diagnosis Denominator: Number of patients who had serious infection or septic shock Patients who had been treated by broad spectrum antibiotics before being admitted to the ICU were excluded. The time of definite diagnosis of the septic shock was obtained from the electronic medical record of the doctor.
10
Rate of reaching the standard in enteral nutrition bundle care safety management (Number of patients who received standard enteral nutrition bundle care during the research period ÷ Total number of patients who received enteral nutrition at the same period) × 100
Numerator: Number of patients who received safe enteral nutrition during the research period Denominator: Total number of patients who received enteral nutrition at the same period The care bundle of the enteral nutrition (it is considered that the goal of this indicator is not achieved even if one item is not implemented) includes following items.
1.
The position of the feeding tube should be confirmed by radiography after the first intubation and the scale should be marked.
2.
The marked scale should be detected and recorded each time of enteral nutrition. If there is any displacement, it should be identified with imaging examination and corrected after that.
3.
A standard enteral nutrition tag should be prepared. It includes the patient information (bed number, name, hospital ID); the type of nutrient solution; infusion speed and target speed; execution date and time, end date and time, and nurse signature.
4.
Method of enteral nutrition:
a. Regular nasogastric feeding using a special syringe for oral drug administration: it is attached with a label of "oral use only," the opened nutrient solution should be refrigerated and used within 24 hr, and the operator should wear globes before each manipulation.
b. Continuous feeding using a nutrition pump: the nutrition device should be replaced every 24 hr.
5.
The tube should be checked to avoid connection errors (being connected to the venous or arterial catheters).
6.
The head of the bed should be elevated
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8.
The risk of aspiration should be evaluated and continuous feeding should be carried out using a nutrition pump for patients with a high aspiration risk.
9.
Drugs should not be added in the enteral nutrition solution.
10.
Each time before oral medication, the feeding tube should be washed (15 ml) based on the age and condition of the patient. The drug should be diluted with water only. If there is drug incompatibility, mixed drug administration should be avoided. The drugs should be administrated after an interval ≥30 min.
11.
Complications of enteral nutrition, such as nausea, vomiting, abdominal distension, diarrhea, aspiration, etc., should be detected and recorded.
11 Ratio of implementation of hand hygiene (Frequency of implementation of qualified hand hygiene during the research period ÷ Frequency of hand hygiene implementation at the same period) × 100
All ICU staff (doctors, nurses, respiratory therapists, etc.)
12
Ratio of using restraints (Number of days using restraints ÷ Number of ICU patients' total hospitalization days) ×100
Numerator: Number of days using restrains Denominator: Number of ICU patients' total hospitalization days (Continues) the expert panel agreed that unplanned extubation was more frequent in patients with endotracheal intubation. Second, the expert panel suggested revising this indicator in accordance with the ICU quality control indicator recommended by the National Health and Family Planning Commission of China. We also added one indicator, the percentage of nurses who had worked in the ICU for more than 3 years, to make up the 20 indicators on the second-round inquiry sheet.
In the current study, we deleted the indicator "incidence of medication errors." This may seem counterintuitive as nurses are generally responsible for administering medications, and a large number of medications are administered in the ICU. The incidence of medication errors has been used as a general indicator of hospital-wide monitoring, because the indicator is closely related to patient safety.
Currently, the ICU department reports to the hospital the absolute value of the number of wrong medications given. Thus, only the numerator of the equations is available. The current national level of health informatics systems in China cannot record the total frequency of medications prescribed to patients, and in the ICU this issue is particularly prominent, such as temporary medications for intravenous injection or the number of long-term micro-pump-related drug administrations. These data are hard to obtain for the ICU due to the huge amount of medications used, thus it is difficult to work out the denominator part of the formula. Therefore, it is not consistent with the criteria that an indicator has generalized applicability. In the future, when health information systems are more advanced, the denominator of the formula can be determined, and the "incidence of drug delivery errors" will be used as an indicator of ICU nursing quality. Interpretation of numerator and denominator (standards of inclusion and exclusion criteria)
18
Incidence of incontinence-associated dermatitis Incidence (‰) = (Number of patients who had incontinence-associated dermatitis ÷ Number of ICU patients' total days of hospitalization) ×1000
Numerator: Number of patients who had incontinence-associated dermatitis Denominator: Number of ICU patients' total hospitalization days Patients who had "incontinence-associated dermatitis" before being admitted to the ICU were excluded from the numerator and denominator.
19
Incidence of unplanned extubation following endotracheal intubation in the ICU Incidence (‰) = (Number of cases of unplanned extubation following endotracheal intubation ÷Total duration of endotracheal intubation
[Days]) ×1,000
Numerator: Number of cases with unplanned extubation Denominator: Number of ICU patients who underwent extubation Unplanned extubation refers to the non-medical accidental slippage or removal of the endotracheal tube in patients undergoing mechanical ventilation.
20
Incidence of outgoing transport-related accidents Incidence (‰) = (Number of cases with outgoing transport-related accidents ÷Number of transported patients) ×1,000
Numerator: Number of cases with outgoing transport-related accidents; Denominator: Number of transported patients Transport-related accidents were recorded in the checklist of adverse events during transport of critically ill patients.
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